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ABSTRACT 
The transition from hands-on to online practical work, in response to the Covid-19 pandemic, was 
unprecedented. Biology teachers are expected to integrate technology, pedagogy, and content knowledge 
to carry out online practical work successfully. Teachers' TPACK is performed, in part, during 
instructional planning. Therefore, study on how biology teacher performs their TPACK during online 
practical work is crucial. This study investigates biology teachers' TPACK on their instructional planning 
in practical work during online learning. The descriptive method was used with 42 participants who 
joined as senior high school biology teacher association in Garut city. The Data was collected through a 
questionnaire, instructional planning document, and online interviews. The result shows several findings. 
First, biology teachers have a great belief in their TPACK. This indicates sustained integration of 
technology in learning even after this challenging time, for example, when blended learning is in the 
future. Second, biology teachers' TPACK based on their instructional planning is on three-level: 
recognizing, accepting, and adapting. Third, several opportunities, obstacles, and suggestions have been 
discussed by biology teachers. It is implied that this research promotes teacher professional development 
programs to enhance their TPACK.    
 






In response to the COVID-19 
pandemic, schools in a different region of 
Indonesia were obliged to switch to entirely 
online teaching and learning. This was a 
significant change in the way learning was 
delivered (Goddard, 2020). Teachers were 
asked to redesign their lesson plans to 
facilitate their students in an online 
environment. This demanded a complete 
change in the pedagogical approach to 
teaching and learning, as well as the 
implementation of a variety of technology 
(Gurley, 2018). Therefore, technology is 
one of the essential components of teaching 
(Koehler et al., 2013), and online methods 
have grown increasingly popular for 
educational purposes (Rodrigues et al., 
2019).    
The transition to online learning 
presents challenges associated with the use 
of various digital tools and resources to 
implement new methods. This required 
extended teacher knowledge that should be 
generally capable of applying technologies 
to pedagogical concepts and teaching 
practice or TPACK (König et al., 2020). 
TPACK framework describes the kinds of 
knowledge required by teachers for the 
successful integration of technology in 
teaching (Koehler & Mishra, 2006). 
TPACK is the intersection of teachers’ 
knowledge of curriculum content, general 
pedagogies, and technology understanding 
(J. Harris & Hofer, 2009). It is comprised 
of three particular aspects, namely 
pedagogical content knowledge (PCK), 
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and technological pedagogical knowledge 
(TPK).           
Online learning during this pandemic 
COVID-19 crisis requires teachers TPACK 
to conduct lessons for minds-on knowledge 
and hands-on skills, especially in science, 
including biology (Brinson, 2015). One of 
the lesson activities that can cover students 
those requirements is practical work. 
Practical work is an essential component in 
teaching and learning that can develop 
students’ scientific knowledge and 
knowledge of science as a whole (Millar, 
2004). Through practical work, the student 
can make observations, manipulate objects, 
interact with actual materials, and associate 
them with ideas or concepts so that the 
student learns biology thoroughly 
(Abrahams & Millar, 2008). So, putting 
practical work into practice, even though 
using online approaches, is still crucial.  
In biology education, the use of 
technology for practical work has been 
attempted before. Many researchers also 
have applied online practical work such as 
using virtual microscopy for student 
centered-learning (Goldberg & Dintzis, 
2007), web-based computer-aided learning 
to enhance student learning outcomes in 
molecular biology class (Gibbins et al., 
2003), virtual laboratory programs to 
improve students confident in operating 
laboratory equipment (Dyrberg et al., 
2017), and online-based practical work 
using various technology (Špernjak & 
Šorgo, 2018). As a result, the integration of 
various technologies for practical work is 
possible and favorable. It is in line with 
another research state that laboratory-based 
practical work is limited by space, whereas 
online practical work offers a collaborative 
learning environment in which teachers and 
students can interact and carry out 
experiments in their place (Gamage et al., 
2020).  
As an important figure in online-based 
practical work, teachers are expected to 
represent their TPACK into their 
instructional planning (J. Harris & Hofer, 
2009). Teachers' instructional planning 
comprises making decisions on the 
selection, arrangement, and sequencing of 
routinized activities, as well as the use of 
digital technology (Tubin, D., & Edri, 
2004). Therefore exploring teachers' 
knowledge on integrating technologies 
while conducting online-based practical 
work is critically needed. Thus, this study 
investigates biology teachers' TPACK on 
their instructional planning in practical 
work during online learning. The overview 
of biology teachers' TPACK might help 
them in identifying the obstacles and 
opportunities in integrating technology into 
teaching during online learning and 
considering strategies and policies to 




This study used the descriptive 
method. The idea of a descriptive study was 
to inform about what is happening, 
opportunities, or other aspects of one 
phenomenon that had not previously been 
understood (Loeb et al., 2017). In this 
study, the descriptive method is used to 
describe teachers’ TPACK in their 
instructional planning for practical work 
during online teaching.  
The research subject was 42 teachers 
from various senior high schools, members 
of a biology teacher association in Garut 
city. Teacher demographic data are shown 
in Table 1.  
 





Male  6 14.28 
Female 36 85.72 
Teaching experience 
< 5 years 9 21.42 
5-10 years 7 16.67 
10-15 years 8 19.04 
15-20 years 9 21.42 
>20 years 8 19.04 
School Status 
Public 31 73.81 
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Data collection on teachers’ TPACK 
was done through a questionnaire, 
instructional planning document, and 
online interviews. The questionnaire used is 
a modification of TPACK assessment 
developed by previous research that 
measures Asian teachers TPACK (Chai et 
al., 2013; Schmidt et al., 2009). The 
development of this questionnaire was 
adjusted to biology content, practical work, 
and the integration of technology during 
online learning. The questionnaire 
consisted of 20 items statements that asked 
teachers to rate their TPACK. Teachers 
answered each statement using the 
following five-level Likert. An example of 
the questionnaire statements used is shown 
in Table 2. Two open-ended questions were 
added to determine teacher perception of 
integrating technology related to 
challenges, advantages, and disadvantages 
in online-based practical work. The 
questionnaire covers four knowledge 
domains of TPACK, namely pedagogical 
content knowledge (PCK), technological 
content knowledge (TCK), technological 
pedagogical knowledge (TPK), and the 
intersection of three domains. 
Teachers’ instructional planning 
document is a modified lesson plan which 
includes decision-making about the 
selection, organization, and sequencing of 
practical work during online learning. 
There were five aspects of instructional 
planning as a basic in this study: 1) 
choosing learning goals; 2) practical 
pedagogical decisions; 3) sequencing 
appropriate practical work activity; 4) 
selecting assessment strategies; 5) selecting 
technological tools and resources (J. Harris 
& Hofer, 2009). 
 
Table 2. Example of Questionnaire Statements  
Domains N Statement 
PCK 5 I can design practical work to guide student scientific process skills. 
TCK 2 I know technologies that I can use for understanding biology content. 
TPK 4 I can choose technologies that enhance practical work during distance 
learning. 
TPACK 7 I can organize teaching during distance learning that appropriately 
combines biology, practical work, and technologies.  
 
Furthermore, to obtain more in-
depth teachers’ TPACK, researchers asked 
follow-up questions in response to the 
information that teachers shared through 
questionnaires and instructional planning 
documents. The researcher used four 
domain knowledge as a guide for the 
interview. The following table shows an 
example of a question in the interview. The 
data were analyzed through descriptive 
analysis (Loeb et al., 2017). The 
researchers identify patterns and 
characterize a teachers’ TPACK to five 
increasing ability TPACK levels for 
teaching (Niess, 2007). The data from the 
open-ended questionnaire were analyzed to 
determine the challenges and possibilities 
faced by biology teachers in practical work 
during online learning. To focus on the data 
analysis process, the problem formulations 
used in this study are: 1) how biology 
teachers perceive their TPACK abilities in 
conducting practical work during online 
learning?; 2) how are biology teachers' 
TPACK levels in their instructional 
planning for practical work during online 
learning?; 3) how do biology teachers face 
the obstacle and opportunities during online 
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Table 3. Example of Follow-up Questions.    
Domains Question 
PCK Why you choose this concept to teach through practical work? 
TPK How did you decide which technology-based materials and tools to use in 
practical work?  
TCK How did the technology-based tools and resources that you used fit the 
biology concept of this unit? 
TPACK Why was this specific combination of biology content, practical work, and chosen 
technology most appropriate for this unit plan? 
 
RESULT AND DISCUSSION  
 
Descriptive findings on a questionnaire 
related to how biology teacher perceived 
their TPACK in conducting online-based 
practical work are provided to investigate 
the first research question. As shown in 
Figure 1, more than 70 % of biology 
teachers agree they have sufficient TPACK 
to successfully carry out practical work 
during online learning. Figure 1 also shows 
a consistent result in the other three of 
TPACK domain, namely PCK, TCK, and 
TPK.  
 
This result indicates that teachers 
report that their TPACK is good related to 
their abilities to teach biology content 
through practical work, select various 
technology that can be resources for 
learning biology content, choose 
technologies that can be the best fit to 
support online-based practical work, and 
appropriately matched to students’ needs 
and preferences. However, despite this 
report, data show that 30 % of teachers did 
not conduct practical work during this 
sudden application of online learning 
during pandemic covid-19.  
 
 
Figure 1. Biology Teachers’ TPACK Questionnaire Results 
 
Biology teachers responding to 
questionnaires about their perceived 
TPACK show the highest value for the 
PCK domain. PCK combines both content 
and pedagogy to improve teaching practice 
in the content areas (Koehler & Mishra, 
2006). PCK in this study refers to teacher 
knowledge on how to make students learn 
biological content through practical work. 
The data shown indicate that biology 
teachers feel confident to use their skills 
that require the aspects of both pedagogy 
and content, such as the ability to identify 
content biology that potential for teaching 
through practical work, select an effective 
type of practical work that can guide 
student thinking, and recognize student 
misconceptions. This teachers' perception is 
crucial because other studies show that 
pedagogical content knowledge and 
teachers' belief are highly correlated and 
influence one another (Thomson et al., 
2017). It helps biology teachers set their 
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of biology and science process skills 
through practical work during this 
challenging time.  
As we know, biology content has a 
broad scope (Reiss et al., 1999), starting 
from microscopic to macroscopy, ranging 
from abstract to concrete concept, ranging 
from facts to theories and even law. So, 
every topic in biology has its potential, 
which can be learned through various 
learning methods. In addition, the forms of 
practical work as a learning method are 
very diverse; there are expository, inquiry, 
discovery, and problem-based practical 
work (Domin, 1999). To conduct practical 
work, teachers need specific knowledge 
about the potential subject of biology that 
can be delivered to students through 
practical work. Besides that, a teacher 
needs to possess knowledge on identifying 
student misconceptions. A teacher’s ability 
to identify students’ difficulty in 
understanding a subject matter is a form of 
pedagogical content knowledge, is a part of 
science teacher competence (Sadler et al., 
2013).   
There is a content area and pedagogical 
area in teaching. Teachers need specific 
knowledge to use technology in the 
pedagogical area; teachers also need 
knowledge on using technology in content 
areas, known as TCK. Biology teachers 
should know the biology concept they teach 
and how to represent it with technological 
tools. In other words, technology can serve 
as a model for specific biology content 
(Schmidt et al., 2009). Data show that 
biology teachers perceived TCK value as 
less than their PCK value. It means that 
they feel firm in biology content, but when 
technology is required to represent content, 
they feel less potent. However, they still 
believe that they know about the 
technology that can represent biology 
content. For example, biology teachers use 
animation on YouTube about diffusion and 
osmosis or simulation about the metabolic 
process on carbohydrates. The use of 
technology aids in the finding of new 
content or descriptions of existing content. 
Teachers must know which technology is 
best for a specific content and how content 
influences or develops the use of specific 
educational technologies (J. Harris & 
Hofer, 2009).    
Teachers also believe that online 
biology resources are more accessible 
nowadays and make learning biology 
easier. This belief is crucial for developing 
teacher professionalism in teaching like 
other studies state that teachers who use 
technologies in their content area develop a 
new skill, plan more dynamic activities, 
and actively find an answer for students 
questions (Perrault, 2007). In contrast, the 
previous study shows that although there is 
an increase in seeking resources using 
various technology applications, teachers 
usually limit their information-seeking 
primarily within search engines and do not 
take full advantage of educational-related 
digital libraries, online databases, or other 
resources (Hiong & Osman, 2013). 
Hopefully, this belief found in this study 
can be a force for biology teachers to 
interact more with a wide variant of 
technology-based resources to enrich their 
TCK.  
Biology teachers perceived TPACK 
value dropped in domain TPK. TPK means 
how various technologies can be utilized in 
learning and transform the way teachers 
teach (Schmidt et al., 2009). Biology 
teachers felt that their knowledge 
associated with using particular 
technologies in practical work was not as 
strong as their knowledge related to PCK. 
Data show that 69 % of biology teachers 
use technological tools for teaching and 
learning. However, they did not specifically 
mention the technology used to conduct 
practical work during online learning. Most 
biology teachers said that they urgently 
need a development program to enhance 
their TPK. This statement, in line with 
another study, concludes that TPK should 
be included in regular teacher professional 
development programs to provide teachers 
with continuous online teaching capabilities 
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The questionnaire data to explore 
biology teachers' perceived knowledge 
within the TPACK framework reveals that 
they were confident in their abilities to 
undertake online-based practical work. 
Tough they were less confident in their 
abilities regarding technology and using 
technology to deliver content to students, 
they still felt capable and good at what they 
did. The issue of dealing with and learning 
new technology runs throughout the 
survey's open-ended responses from 
teachers. One teacher said that he had no 
previous experience and preparation with 
online learning, and this happened 
suddenly. He believes that technology can 
be beneficial in online learning, including 
in practical work. But for its application, it 
may take stages and time. In addition to 
teachers, students experience the same 
thing. This statement is in line with 
research that says that this pandemic 
potentially accelerate the rate of teacher 
technology engagement, and the student 
has learned useful skillsets (Winter et al., 
2021).   
This comment appears to reflect how 
biology teachers felt about their expertise 
within the TPACK framework when they 
conduct online learning. Their ratings 
indicate that their content knowledge and 
pedagogical knowledge are both strong. 
The issue emerges when they apply what 
they've learned to the best approach to 
impart content to students using 
technology. Despite this, they are 
determined to identify what works best, and 
they are willing to explore new ways and 
strategies to do so. This statement is in line 
with another study that assessed Philippine 
teacher intention in continuance of teaching 
in online education amid the COVID-19 
crisis (Cahapay, 2021) and a researcher in 
Java, Indonesia, that identifies chemistry 
teachers' TPACK and attitude in online 
distance learning during the Covid-19 
outbreak (Kartimi et al., 2021). Both study 
results show a positive sign toward 
successful learning because teachers' 
positive perception of using technology for 
online distance learning is likely to 
positively influence the way teachers teach 
and students' learning experiences. 
Through this study, we know that 
teachers confidently could design a lesson 
plan that appropriately combines biology as 
content, technologies, and practical work 
during distance learning. Teachers start by 
choosing biological content that has the 
potential to be studied through practical 
work. Then teachers choose a form of 
practical work that allows being done by 
considering students' conditions, such as 
materials, tools, etc. Lastly, teachers choose 
what technology can facilitate designed 
practical work. These lesson plans designed 
by teachers are the result of the interaction 
of three basic knowledge that built 
TPACK. Exploring more in-depth teachers' 
TPACK can be seen in lesson plans that 
include decision-making about the 
selection, organization, and sequencing of 
practical work during online learning, 
known as instructional planning.   
Teachers' TPACK is performed, in 
part, during instructional planning (J. B. 
Harris & Hofer, 2011). Table 4 provides 
descriptive findings related to biology 
teachers' TPACK levels based on their 
instructional planning for practical work 
during online learning to investigate the 
second research question. Nearly half of the 
biology teachers are at an accepting level of 
TPACK. In contrast, 29 % of the biology 
teachers are in recognizing level, and the 
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Table 4. Biology Teachers' TPACK Levels 
TPACK Level Brief Description % 
Recognizing Teachers recognize the alignment of technology with biology 
content and practical work. However, they do not integrate 
technology in teaching and learning biology content, 
especially online-based practical work. 
31  
Accepting Teachers form a favorable attitude toward using appropriate 
technology for teaching and learning biology content, 
especially online-based practical work.  
50 
Adapting Teachers engage in activities that adopt teaching and learning 
biology content through practical work with appropriate 
technology.  
19 
Exploring Teachers actively integrate technology in various way for 
teaching and learning biology content, especially online-based 
practical work.  
- 
Advancing Teachers redesign curricula and evaluate the decision to 
integrate teaching and learning biology content with an 
appropriate technology.  
- 
 
Biology teachers in recognizing level 
can recognize the idea that technologies can 
display biology content. They view 
technology as a tool that does biology or 
media that represents biology content than 
teaching biology content. Other studies 
reveal similar findings that technology is 
mostly used as a source of information 
rather than an approach to construct a piece 
of knowledge (Ramma et al., 2018). 
Whereas, when technology is utilized as a 
pedagogical tool for teaching and learning, 
it makes a difference (Westera, 2015).  
Their knowledge and belief about 
teaching and learning biology describe as a 
subject that memorization of concept and 
hands-on activity without using technology. 
In other words, they retain traditional 
beliefs about how students learn biology 
like they used to do in face-to-face 
learning. Content knowledge, self-efficacy, 
pedagogical beliefs, and subject culture 
may become a variable on why teachers are 
reluctant to incorporate technology in 
teaching (Ertmer & Ottenbreit-Leftwich, 
2010).      
Still biology teachers in recognizing 
level can use the technology, motivated to 
explore technology for learning and 
recognize the alignment of technology with 
biology content. Yet, they do not integrate 
technology in learning, especially in 
practical work. Their belief about student 
condition challenges motivation for 
exploring, experimenting, and practicing 
integrating technologies in learning 
biology. For example, they say not all 
students have enough good technological 
tools such as smartphones, have a good 
bandwidth, and afford internet costs. They 
say that students do not have the skill to use 
technology either.  
In general, recognizing level teachers' 
instructional planning for practical work 
during online learning is determined by 
individual student practice, repetition of 
ideas during face-to-face learning, and 
resist consideration to change to integrate 
technology. This sentiment discourages the 
integration of technology into practical 
work. Similar findings reveal that 
interactions between the teachers' 
perceptions of technology could be a 
crucial factor in the proper implementation 
of TPACK (Cheah et al., 2019).  
Meanwhile, biology teachers in 
accepting level can find particular biology 
concepts well represented by technology 
and accept the idea that some technologies 
can be a helpful tool for online-based 
practical work. The idea about technology 
as a teaching and learning tool is better 
expressed thoroughly by this teacher. 
Teachers in this level mention various 
technology applications that they can use to 
conduct online-based practical work such 
as Google Classroom, Zoom Meeting, 
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Overall, they express a desire to 
integrate technology but demonstrate 
difficulty identifying technology tools that 
fit their teaching approach. Technological 
tools they use only facilitate student-
teacher communication, such as collecting 
practical work reports, giving task 
instruction, informing announcements, or 
just marking attendance. These are the 
differences in the use of technology as a 
pedagogical tool. The level of student 
engagement and the nature of participation 
produced reveal a pedagogical value of 
technology (Johnson & Golombek, 2016).  
However, teachers are worried that 
students’ attention is being diverted to 
focus more on operating technological 
applications than learning biology 
concepts. Also, teachers find that 
introducing new technological tools to 
students is taking away time for learning 
biology. Without face-to-face engagement, 
students are more likely to become 
distracted and lose track of deadlines 
(Sadeghi, 2019). This kind of teachers’ 
anxiety is common to be found in online 
learning (Fernández-Batanero et al., 2021).  
The last finding in this study within 
teachers’ TPACK is an adapting level. 
Biology teachers in adapting level 
acknowledge some benefits of 
incorporating technology for teaching and 
learning, especially in online-based 
practical work. Teachers discuss a desire to 
explore, experiment, and practice 
integrating technologies to enhance 
practical work, primarily to provide 
students with a new approach to 
understanding biology and hands-on skill.  
However, teachers are concerned about 
classroom management, student thinking 
process, and misconceptions while doing 
practical work using technology. For 
example, challenging to make sure students 
understand an instruction, observe student 
skills and attitude, assess products that 
students create, and so forth. Teachers also 
said that using technology requires more 
time because many variables need much 
intention. Other research also mentions 
similar challenges in delivering teaching 
and laboratory activities during online 
learning and the covid-19 pandemic (Blau 
et al., 2014; Gamage et al., 2020).    
Teachers at adapting level did not put 
technology in the role of guide or 
exploration while doing online-based 
practical work. Instead, they use 
technology only to explain instruction, for 
example, using digital video or YouTube to 
demonstrate what students need to do. The 
technology they choose does not directly 
help students enhance their scientific 
process skills, much fewer hands-on skills. 
Overall, teachers' instructional planning for 
online-based practical work in the adapting 
level is primarily deductive, implying that 
teachers are directed to keep track of the 
progress of practical work, and a student 
only follows teachers' direction. This 
situation is in line with another study that 
says only a few teachers can employ 
technology in a variety of ways to generate 
student-centered learning (Bang & Luft, 
2013).  
This study did not find a teachers’ 
TPACK in exploring level when teachers 
actively incorporate technology with both 
pedagogical and content areas in various 
ways. Teachers in exploring level expected 
to plan, implement, and evaluate practical 
work with concern for assisting students in 
understanding biology through technology. 
Teachers must transform from learner to 
knowledge maker of TPACK through 
design thinking for successful technology 
integration (Koh et al., 2015).   
They also look forward to recognizing 
challenges for doing practical work with 
technologies but willingly explore 
strategies and ideas to minimize the impact 
of the challenges. In addition, they 
anticipate exploring various instructional 
planning for practical work (including both 
deductive and inductive strategies) with 
technologies to engage students more in 
scientific process skills. Teachers await to 
make an opportunity to engage students in 
explorations with the technology tools. 
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making a learning design effectively (J. B. 
Harris & Hofer, 2011).     
After undergoing distance learning 
amid the COVID-19 outbreak, most 
biology teachers realize the importance of 
integrating or utilizing technology in 
practical work on learning biology. They 
say the technology could be a bridge to 
reduce learning losses that occur due to 
pandemics. So that students hopefully still 
get scientific process skills and hands-on 
skills through online practical work. For 
both teachers and students, online practical 
work has given many advantages. 
However, this does not mean that this 
approach does not have challenges in its 
implementation. Table 5 depicts the 
obstacles and opportunities that biology 
teachers faced when doing online-based 
practical work during this time. 
 
Table 5. Biology Teachers' Response to Online-Based Practical Work 
Aspect Biology Teachers’ Response 
Opportunities  Practical work is flexible since it may be done anywhere, at any time. 
It promotes students' digital literacy and makes them more tech-savvy. 
Facilitate carrying out difficult, costly, or even dangerous practical work 
that does not happen during face-to-face learning. 
Bring up new approach from teacher to conduct practical work.  
Stimulate student consciousness to learn independently. 
Obstacle  Student get less experience in hands-on skill. 
Unable to cover all of learning aspect.  
Problems with technology, such as the Internet network. 
Students’ different ability in affording internet charges. 
Students’ diverse skill in operating various technology. 
Limited of teachers’ knowledge in virtual practicum.  
Teachers' knowledge about various technological applications that could 
be used for online-based practical work, such as virtual labs.  





There should be a continuous program such as a seminar or workshop to 
enhance teacher use of technologies. 
Collaboration among teachers to inaugurate various technology 
applications such as virtual lab, plant identity apps, digital microscope; is 
needed.   
Discussion or sharing sessions among teachers, students, and school 
principals to find a solution for technological limitations such as 
bandwidth, internet cost, and even possession of smartphones. 
 
Online teaching opportunities, 
including practical work, are widely open 
(Gamage et al., 2020). The most significant 
is online-based practical work allows both 
students and teachers to carry out complex, 
costly, or even dangerous practical work 
that does not happen during face-to-face 
learning. Numerous attempts for online-
based practical work have been done, such 
as using a virtual microscopy to learn about 
human tissue histology (Goldberg & 
Dintzis, 2007), using virtual lab for PCR to 
detect modified genetic sequences (Gibbins 
et al., 2003); and using various technology 
for laboratory activities (Špernjak & Šorgo, 
2018). This kind of practical work is hard 
to execute in conventional conditions 
because of materials tools' availability. 
During this pandemic, both teacher and 
student were exposed to new technologies. 
This event stimulates them to learn a new 
skill and knowledge, and it changes each 
other. Teachers bring up new approaches 
and student promotes their digital literacy. 
Teachers with a successful implementation 
of TPACK positively influence student 
achievement (Farrell & Hamed, 2017; 
Winter et al., 2021).  
The implementation of online-based 
practical work also brought several critical 
problems. First, technical issues, such as 
limited Internet access and mobile phones, 
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Students in remote areas and poor 
technology supporting tools report 
difficulties in joining online-based practical 
work. Second, there is a sentiment that 
online-based practical work did not support 
student development of practical and 
procedural skills. However, there is no 
evidence in another study that students 
perform worse practical skills in online 
practical work than a traditional one; 
instead, they may acquire an entirely new 
skill (Faulconer & Gruss, 2018). Third, 
teachers believe that their knowledge about 
various technological applications for 
online-based practical work is still limited. 
This kind of belief hinders teacher intention 
and motivation to change and apply 
technology (Ertmer, P., Anne, O.-L., & 
Tondeur, 2015). 
Teachers need to feel firm about their 
belief that they can successfully implement 
their TPACK in online-based practical 
work. A way to accomplish this goal is to 
create and promote a two-pronged 
approach, namely teacher education and 
professional development programs 
(Ertmer & Ottenbreit-Leftwich, 2010). 
Studies show that the success of online 
teaching can be affected by institutional 
support, which provides workshops or 
another educational program (Howard et 
al., 2018). Online teaching pedagogies 
should be incorporated into regular 
mandatory teacher professional 
development programs to provide teachers 
with ongoing skills in online teaching. 
Through open-ended questionnaires, 
biology teachers also mentioned this as 
their needs. Biology teachers also 
demanded collaboration or sharing sessions 
among teachers to inaugurate various 
technology applications. Another study 
affirms that group composition and 
facilitation influenced teachers' TPACK 
construction (Ling Koh et al., 2014). 
As the COVID-19 pandemic lockdown 
affected education, teachers had to organize 
teaching and learning in a new way, 
including online-based practical work as an 
integral part of learning biology. Teachers’ 
TPACK is a crucial factor that determines 
successful online delivery of teaching and 
learning (Koehler et al., 2013). Previous 
research had been identify teachers’ 
TPACK during this challenging time on 
various contexts such as: TPACK and 
attitude on online learning (Kartimi et al., 
2021); TPACK and teacher learning 
management (Juanda et al., 2021); 
teachers’ TPACK self-efficacy (Cahapay, 
2021), teachers’ TPACK and intention on 
continuing online learning (König et al., 
2020); teachers’ TPACK and e-school 
application (Yang et al., 2019); teachers’ 
TPACK for teacher education (Carrillo & 
Flores, 2020). Identifying biology teachers' 
TPACK in practical work adds to the 
urgency of TPACK research in various 
contexts. Besides, the discussion about the 
opportunities, obstacles, and suggestions 
give value for the future implementation of 
online practical work. This result may be 
used as a reference for developing a 
professional program to improve teachers' 
TPACK. Future research to find out the 
connection between teachers’ TPACK and 




The transition from face-to-face to 
online practical work, in response to the 
Covid-19 pandemic, was unprecedented. 
This study investigates biology teachers' 
TPACK on their instructional planning in 
practical work during online learning. The 
result shows several findings. First, biology 
teachers have a great belief on their 
TPACK. Biology teachers agree they have 
sufficient TPACK to successfully carry out 
practical work during online learning. This 
indicates sustained integration of 
technology in learning even after this 
challenging time, for example, when 
blended learning is in the future. Second, 
biology teachers' TPACK based on their 
instructional planning is on three-level: 
recognizing, accepting, and adapting. 
Third, several opportunities, obstacles, and 
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teachers. It is implied that this research 
promotes teacher professional development 
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